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ABSTRACT The demand for high-efficiency technologies to prepare for the rapid increase in ships’ carbon emissions and fuel costs is
rising. The IMO is strengthening regulations on carbon emissions from ships. At the same time, the adoption of eco-friendly fuels such
as ammonia or ethane is being delayed due to rising fuel costs and upfront investment costs. In this context, energy conversion
technology that utilizes waste heat generated on ships is gaining attention because it is readily accessible, requires low initial
investment, and applies to various fuel types and vessel types. This study examined the costs derived from a theoretical initial
investment analysis model for a 100 kW-class ship waste heat power generation system currently under development and compared
them with the actual calculated costs. The initial cost derived from the theoretical model, approximately $910,000, was more than 50%
higher than the actual cost, due to factors such as national labor and manufacturing costs. However, the power generation model that
applied actual costs yielded high results for economic indicators such as the Benefit/Cost ratio, IRR, and NPV, measuring 2.93, 24.4%,
and $440,000, respectively. The applied operating conditions were a power-generation model using LNG fuel and a ship expected to
operate for 80% of the year.

Key words Waste heat power generation(¥] & 3F7), Capital costs(Z 7] FZ}H]), Internal rate of return(U] ->2]-8-), Net present value
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Fig. 1. 2021 global market share of ORC—based waste heat power generation
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Table 1. Operational Conditions for Capital Expenditure and Revenue Estimation in Marine WHRS

Specific Cost List

Type

Value Unit Remarks
Turbine maximum capacity 120 kW 120% of rated capacity
Turbine material SUS304 -
Condenser heat transfer area 46.8 m? -
Evaporator heat transfer area 4.9 m? -
Condenser pressure 2.4 bar Manufacturer specification
Evaporator pressure 22 bar Manufacturer specification
Heat exchanger material SUS304 -
Heat exchanger type Shell & Tube Manufacturer specification
Pump capacity 15 kW 120% of rated capacity
Pump pressure 22 bar -
Specific Benefit List

Power output 100 kW Average power output
Annual generator operating rate 70, 80 % Based on container ships A and B

658.5 USD/Ton HFO'"
Fuel cost 847.3 USD/Ton MDO"

287.68 USD/Ton LNG”
Generator efficiency 50 % Diesel generator basis'®

1.2 kWh/kg HFO

Energy density 11.9 kWh/kg MDO

13.3 kWh/kg LNG
Generator operating load 80 % Load factor = 1

* Operating conditions of the generator on an actual voyage container ship.
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Table 2. Economic indicators for 70% and 80% operating conditions

Operation rate 80% 70%
Fuel HFO MDO HFO MDO LNG
IRR 30.92% 43.93% 24.31% 25.92% 37.13% 20.14%
NPV $613,308.11 $953,998.61 $440,242.56 $487,536.43 $789,024.79 $336,702.26
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